The effect of graded levels of dietary fish meal was studied with growing pigs in two trials. Test diets contained fish meal 0, 2.7, 6.5 and 13 %in trial 1 and 0, 2,5 and 10 % in trial 2. In trial 2, diets containing 5 or 10 % of fish meal were divided into four different treatments, where fish meal was withdrawn from the diet 7,5, 3 or 0 weeks before slaughter.
Introduction
Fish meal has long been an important protein supplement in Finland. Due to restrictions in soya bean import, commercial feed manufacturers had to increase the fish meal content in the mixtures up to 5-8 %. After a while, consumer complaints of offflavour in pork meat started to increase on the domestic market and in countries where Finnish pork was exported. Because of the great seasonal variation in pork consumption in Finland pork meat, especially ham, has to be frozen and stored for several months.
It is known that fish oil increases the risk of fishy taste in pork meat particularly after long storage (Agerhem et al. 1984, Pike and Barlow 1977) . In Sweden, 0.02 % of fish oil was the recommended maximum level in the feeds of growing pigs. It was also found that the content of two long chain polyunsaturated fatty acids, C22:5 and C22:6, is a good indicator of off-flavours in pork fat (Agerhem et al. 1984) . For practical purposes, more information was still needed to find out how much standard quality fat-rich (8 -12 % crude fat) fish meal should be included in pig diet and what is the effect of withdrawal period on the off-flavour incidence.
Material and methods
Feeding trial 1 was conducted with 112 Yorkshire and Landrace pigs. The pigs were assigned at random to four treatments. Two pigs were placed in each pen, the gilts and castrates being kept apart. Each diet was tested on seven pens of gilts and seven pens ofcastrates.
The diets of trial 1 contained 0,0.2,0.5 or 1.0 %of fish fat. Fish meal was added 0, 2.7, 6.5 or 13.0 %, respectively, to complement the fish fat levels. The control diet contained soya bean meal as a protein source. In diet 4, all 20 % soya bean meal was replaced by fish meal (Table 1) .
The fish meal used in trial 1 was commercial type herring meal typically used in feed industry. It contained 70.5 %of crude protein and 8.1 %of ether extract. The long chain polyunsaturated fatty acid C22:5 and C22:6 contents offish meal were 0.6 and 8.4 % of total fatty acids, respectively. The trimethylamine content of the fish meal was 340 mg/100g.
The four treatments recieved the same daily amount of protein and energy. Pigs were given 1.2-3.0 feed units/day from 25 kg live weight to slaughter at an average live weight of 100kg. Weight gain and feed consumption were registered during The results of trial 1 were investigated using the analysis of variance with treatment and sex as factors. The results of each individual animal were used as an observation. The difference between treatments was tested with polynomial contrasts. Because only one replicate was used in each treatment in trial 2, the performance results could not be statistically analysed. The results of the fatty acid analysis in trial 2 were investigated with one-way analysis of variance and the difference between treatments was tested with polynomial contrasts.
Results and discussion
The main purpose of the trials was not the performance results. However, the results of trial 1 show clearly that fish meal can be replaced by soya bean meal for protein source in growing pigs without any negative effect on the performance of (Table 3) . Daily gain, feed conversion efficiency and carcass quality showed no significant differences between treatments. The trial confirms the earlier results of Barber et al. (1981) and Lyso (1979) . The tendency to a slightly better gain and feed conversion in fish meal groups could be due to better amino acid profile of fish meal compared to soya bean meal. This was also noticed by Lyso (1979) . The performance results of trial 2 are not presented, because they were not subjected to statistical testing. There were no statistical differences between the treatments in the organoleptic analyses of fresh meat in trial 1. However, the panel found some offflavour in individual meat samples of all treatments, but it could not be connected to the fish meal in the diet. In trial 2, no off-flavours were found in fresh meat samples. Hvidsten and Astrup (1963) and Agerhem et al. (1984) have shown a tendency to off-flavours in the taste of fresh pork when 9-12 %of fish meal has been included in the diet.
The off-flavour in pork chops increased linearly after 7-8 months of frozen storage in trial 1 (pO.001) (Fig. 1) . In trial 2, the incidence of offflavours increased after 6 months of frozen storage in groups where 5 or 10 % fish meal was included in the diet (Fig. 3) . This was also reported by Hvidsten and Astrup (1963) , Lyso (1979) and Hertzman et al. (1988) .
The organoleptic scores clearly correlated with the content of fish oil in the feed in the study of Kifer et al. (1971) . In trial 1 this was true only when meat samples stored frozen for 7 -8 months were tasted (r= 0.59).
The contents of C22:5 and C22:6 fatty acids in pork fat increased linearly with increasing amount offish meal (and fish oil or C22:5 and C22:6 fatty acids) in the feed (Fig. 2) (pO.001) . This was previously observed in experiment published by AGERHEMetaI. (1984) .
Fish fat and especially long chain polyunsaturated fatty acids C22:5 and C22:6 are highly digestible in all animals. The apparent digestibility offish fat for pig is over 90 % (Opstvedt 1984) and apparent digestibility of C22:5 and C22:6 fatty acids in chicken 95 % (Opstvedt 1973) . Dietary fat is converted more efficiently to body fat compared to de novo fat synthesis from carbohydrates (Ber-SCHAUER 1986). Dietary long chain fatty acids are predominantly corporated to body fats and medium chain fatty acids are largely oxidized by the liver to C0 2 , acetate and ketone bodies (Berschauer 1986). The deposition of digested C22:5 fatty acid is 78.9 % and the deposition of C22:6 is 8.8 % for chicken, when the average deposition of lipids is 26.2 % (Opstvedt 1973) .
The content ofC22:5 and C22:6 fatty acids of the total fatty acids increased also linearly with the level offish meal in the diet and with the length ofthe fish meal feeding period in trial 2 (Fig. 3) (p<0.001) . Hertzman et. al. (1988) found also that the content of C22:6 fatty acid in the pork fat increased linearly with the length of the fish meal feeding period. In trial 2, the content ofC22:5 and C22:6 fatty acids in the carcass fat correlated positively with the fish oil content of the feed (r=0.54) and with the length of the fish meal feeding period (r=0.67).
In trial 2, the contents of C22:5 and C22:6 fractions of the total fatty acids were less than 0.5 % in all pigs fed without fish meal or with 2 % offish meal. At a 5 % fish meal level, the C22:5 and C22:6 content of samples was less than 0.5 % when fish meal was withdrawn from the diet 5 or 7 weeks before slaughter, at 10 % fish meal level 7 weeks before slaughter. However, the organoleptic scores of these groups were slightly decreased compared to groups fed without or with 2 % offish meal.
In both trials, traces of C22:5 and C22:6 fatty acids were found in carcass fat in the groups not fed fish meal (0.11 and 0.32 %, respectively). It is possible that they originate from pre-and postweaning feed of the animals which contained fish meal. However, the results of the study reported by Valaja (1991) showed that there were no differences in C22:5 and C22:6 fatty acid contents of pork fat in pigs fed with or without fish meal in the pre-and postweaning period.
It seems possible to set recommendations for use of fish meal concerning percentage in the feed as well as the length of the withdrawal period. The problem is the reasonably great variation between individuals, which makes it difficult for slaughterhouses or authorities to control the use of fish meal. Further, it is not known which part of C22:5 and C22:6 fatty acids originates from meat meal and meat and bone meal used, and how much long chain polyunsaturated fatty acids the pig can produce from other essential fatty acids.
In conclusion, standard quality fish meal containing 8 -10 % of crude fat can be added to the diet of pigs up to 10 % without any risk of fishy taste in the fresh meat. If the pork has to be stored frozen for several months the risk of off-flavours increases clearly. In all situations it is safe to restrict the fish meal content of the diet to under 2 %. The diet of feeder pigs up to 45 kg weight may contain fish meal up to 5 % ifa withdrawal period is used. 
